Context: Functional constipation (FC) and irritable bowel syndrome (IBS) represent very common pediatric functional gastrointestinal disorders (FGIDs). Controversial results have suggested a potential role of food allergy as a trigger of functional bowel symptoms. Evidence Acquisition: This review summarizes the literature regarding the role of allergic diseases in children with FC and IBS and discusses the hypothesis of the pathogenesis of constipation due to cow's milk protein allergy (CMPA). We searched systematic reviews, guidelines, or original data in PubMed, MEDLINE, and the Cochrane central register of controlled trials. Results: The pathogenesis of FGIDs remains elusive and is likely multifactorial. Among these factors, adverse reactions to food may play a pathogenic role. Some features, such as abnormal bowel motility, visceral hypersensitivity, and changes in mucus composition caused by inflammation of the gastrointestinal wall, have been found both in IBS or FC and in food allergy. Since 1978, an increasing number of reports have suggested a relationship between CMPA and FC. Two randomized controlled studies conducted in children showed that CMPA may induce chronic FC; one study indicated that fermentable oligosaccharide, disaccharide, and monosaccharide polyols (FODMAP) foods may play a role in triggering IBS. Conclusions: Food allergy in children with chronic constipation should be identified using an oral food challenge after being on a diet free of cow's milk. A diet low in FODMAPs might also be recommended for children with IBS. This approach could be suggested for children with chronic FC and IBS, especially when they do not respond to standard treatment. However, it should also be considered that a minority of patients with FC or IBS could respond to an elimination diet. Further studies are needed to understand the complex pathogenic mechanisms of FGIDs; they also might be helpful to recognize markers for identifying children with IBS and FC caused by foods and to improve their management.
Context
Functional constipation (FC) and irritable bowel syndrome (IBS) represent very common functional gastrointestinal disorders (FGIDs) in children and have a worldwide pooled prevalence of 3% -16% and 13.5%, respectively (1, 2) . The Rome III Criteria were used to define FC and IBS (Box 1) (3, 4) .
The origin of IBS and FC remains uncertain. They are likely influenced by both a genetic predisposition and environmental agents. Their occurrence has been associated with several factors, such as infection, food allergy/intolerance, immune system dysfunction, visceral hypersensitivity, dysregulation of the central and enteric nervous systems, and abnormal gut motility. Previous studies have shown controversial results regarding the potential role of food allergy/intolerance as a trigger of FC and IBS (2) . This review summarizes clinically important findings from the viewpoint of a busy clinician who deals with the role of food reactions in IBS or FC in pediatric patients.
Evidence Acquisition
This review was obtained in part by searching studies published from 1978-November 2015 in PubMed, MED-LINE, and the Cochrane central register of controlled Trials. We used the following keywords: "children," "functional constipation," "cow's milk allergy," "food allergy," "allergy," and "irritable bowel syndrome." The search was restricted to papers published in English. We considered systematic reviews, guidelines, or original data. References from selected papers were also examined to find additional relevant articles. We retrieved 1568 articles. The titles and abstracts of these articles were reviewed independently by Copyright 
Rome III Diagnostic Criteria
Criteria must be fulfilled for the last three months with a symptom onset at least six months prior to the diagnosis Irritable Bowel Syndrome Recurrent abdominal pain or discomfort at least three days/month in the last three months that is associated with two or more of the following: two of the authors. We have not analyzed all the papers in detail. To increase the clinical relevance of this review, we chose to cite randomized controlled studies conducted in pediatric patients and also other articles on clinically important issues.
Results

Common Mechanisms
The pathogenesis of FGIDs remains elusive and is likely multifactorial. Among these factors, adverse reactions to food may play a pathogenic role. Some features, such as abnormal bowel motility (slow, fast, or uncoordinated), visceral hypersensitivity, and changes in the mucus composition caused by inflammation of the gastrointestinal wall, have been found both in IBS or FC and in patients with food allergy (5, 6) . It has also been reported that both cow's milk protein allergy (CMPA) and FGIDs could be associated with increased intestinal permeability and inflammation (7, 8) . A Th2 immune response has been observed in atopic diseases and FGIDs (9) . Some studies have demonstrated that there is overlap between immune system inflammation in FGIDs and in atopic conditions (10) . Overall, these data support the hypothesis that FC, IBS, and their related low-grade inflammation might be the expression of a systemic allergic (or "atopic") disorder induced by food (11, 12) . Accordingly, the allergic inflammation of the rectal wall induced by CMPA results in a higher pressure of the anal sphincter as evidenced by anorectal manometry, which may be one cause of constipation (13) (14) (15) (16) .
Food allergy due to either IgE-or non-IgE-mediated mechanisms is commonly thought to elicit gut mucosa inflammation. The infiltrate is characterized by mast cells (MCs), eosinophils, and T and B lymphocytes that are present at different sites along the gut (17) . MCs are regarded as key effector cells of both immediate and delayedtype hypersensitivity reactions (18) , as MCs are in close proximity to enteric neurons and release a variety of mediators, which influence nerve function, leading to abnormal gut motility (19, 20) . Borrelli et al. (13) clearly showed that children with chronic constipation related to food allergy exhibit an increase in the density of MCs in the rectal mucosa and near the submucosal rectal nerve endings, which are correlated with abnormalities in anorectal motility. Biopsies have revealed that allergic manifestations and inflammation of the rectal mucosa more frequently coexist in children with FC who responded to a cow's milk-free diet in comparison with children who did not respond (14, 21) . Children with a CMPA who also suffered from chronic, refractory constipation were described along with allergic rectitis or colonic lymphoid nodular hyperplasia in various parts of the mucosa of the gastroin- 
The Association of Atopic Diseases With IBS or FC
Several studies in adults have shown a link between functional bowel disorders and asthma, but contrasting results have been reported in children on the relationship between atopic diseases and IBS or FC.
Previous investigations reported increased airway responsiveness to inhaled methacholine and/or reversibility with bronchodilators in IBS patients with no clinical evidence of asthma or other atopic diseases compared to controls (22, 23) . IBS has also been reported to be more common in asthmatic adults than in the general population; the risk of IBS was reduced with oral steroids in asthma patients (24) . Recently, Leander et al. (25) showed that constipation was associated with asthma and wheezing symptoms in preschool children. In a longitudinal birth cohort study, Kiefte-de Jong et al. (26) found that wheezing symptoms and FC frequently coexist in preschool children. No significant association was identified between the symptoms of atopic dermatitis and FC. However, the association between wheezing and constipation or IBS was not independent but instead was largely explained by the child's exposure to infections and the associated antibiotic use.
In children with chronic constipation caused by food intolerance, a history of food intolerance, bronchospasm and atopic eczema was more common than in patients with constipation unrelated to food intolerance (16) .
In contrast, IBS is not significantly more prevalent in children with asthma in comparison with those who are free of allergic symptoms (27) , which could indicate that asthma may precede the onset of IBS. If this is the case, the presence of MC colonic infiltrate in patients with IBS may support the view that IBS may be a consequence of a chronic systemic inflammation. Moreover, no difference in the frequency of constipation between allergic children and controls was identified, but other gastrointestinal symptoms, such as diarrhea and vomiting, were more prevalent in children with atopic eczema than in healthy children (27) . Simeone et al. (28) also showed no association between constipation and atopy in young children, whereas a small increase in the prevalence of IBS over time was observed in participants with asthma who were 5 years of age.
Food Allergy and FC
CMPA was first suggested as a cause of constipation in 1978 (29) . In an open study published in 1995, Iacono et al. (21) found 21 (78%) out of 27 children affected by constipation and CMPA improved after a CMP elimination diet. They also reported that 15 (71.4%) constipated patients with CMPA (proven by a withdrawal-challenge test) had one or more positive laboratory tests (specific IgG to beta-lactoglobulin, total IgE antibodies, and circulating eosinophils). They hypothesized that a cow's milk intolerance may cause severe perianal lesions with pain on defecation and consequent constipation.
These early findings have been confirmed by randomized controlled studies. Iacono et al. (30) conducted a double-blind crossover randomized, controlled trial in 65 children from 11 -72 months of age with chronic constipation who did not improve with lactulose. All 44 (68%) children who experienced symptom remission by substituting cow's milk for soy milk for two weeks participated in a double-blind, placebo-controlled challenge with cow's milk. In all of these patients, constipation reappeared after 5 -10 days of this diet. The symptoms disappeared in all patients after returning to the cow's milk-free diet. Responders were significantly more likely to have anal fissures and erythema or edema, positive serum CM-specific IgE, inflammation of the rectal mucosa, and a higher frequency of coexistent allergic rhinitis, dermatitis, or bronchospasm. Finally, all the children who were enrolled in this trial had been referred to the study center because they were likely to have a food allergy. Therefore, the results of the study may overestimate the frequency of CMPA in resistant FC.
Recently, Dehghani et al. (31) performed an open, randomized controlled study comparing two groups that each consisted of 70 children who followed a four-week cow's milk-free diet or a diet that included cow's milk. All children suffered from chronic functional constipation that was unresponsive to a corrective laxative treatment. Fifty-six (80%) children who followed the restricted diet and 47% of the control children improved (P < 0.0001). A two-week cow's milk challenge was positive in 24 (34%) patients who were cured on the elimination diet. Only one patient had a positive skin prick test to cow's milk. Moreover, case series of children with FC associated with CMPA have been reported. Daher et al. (14) found that in 7 (28%) of 25 children, constipation was relieved after a four-week, milkfree diet, and the participants relapsed within two to three days following a challenge with cow's milk. This response was not associated with an IgE-mediated mechanism, since there was no difference between children with CMPA and in children without an allergy in the serum IgE levels to cow's milk extract and proteins.Iacono et al. [16] 36 children with chronic constipation between the ages of 9 months to 10 years of age who went on four-week, cow's milk-free diet or a restricted diet. Seventeen children improved on this diet; 14 avoided only cow's milk, while 3 restricted multiple foods and were randomized to receive a two-week, double-blind placebo controlled challenge with cow's milk or ass's milk as placebo. In all children, the cow's milk challenge produced constipation within five days. Cow's milk or multiple foods in three patients were again excluded from the diet, and all patients experienced symptom improvement. Turunen et al. (15) showed that remission of constipation occurred in 29 (83%) of 35 children aged 3 -15 years who followed a four-week cow's milk elimination diet. Constipation and/or other gastrointestinal or skin symptoms occurred in 12 (34%) children during a four-week cow's milk challenge.
El-Hodhod et al. (32) studied 27 children with chronic FC who did not respond to two months of laxative therapy. Twenty-one (77%) improved after the elimination of cow's milk and dairy products for a one-month period; constipation recurred in these patients during a two-week open challenge with cow's milk. Serum-specific IgE antibodies to whole cow's milk and beta-lactoglobulin were also significantly higher in constipated patients compared with healthy controls. Tolerance to cow's milk was achieved after 12 months of a cow's milk free-diet in 88% of these cases.
Irastorza et al. (33) found in an open-label crossover study that 27 (39%) patients responded to a three-week CMP-elimination diet. Afterwards, all of them experienced constipation within two to five days during the three-week cow's milk challenge. No significant difference was noted between the group of responders and non-responders in regards to their atopic/allergic history or laboratory results.
Other case series have investigated the association of FC not only with cow's milk allergy but also with allergy to other foods. Borrelli et al. (13) reported that 18 (54%) of 33 children, aged 1 -10 years, with refractory chronic constipation to laxatives, responded to a six-to -eight-week elimination diet for cow's milk, egg, and soy proteins. Doubleblind, placebo-controlled challenges with cow's milk, egg, and soy followed by a two-week open challenge were carried out in the children who responded to the diet. All 18 children had a positive food challenge within 2 -14 days. Cow's milk induced constipation in 10 children; soy in 2; egg in 4; and egg, soy, and cow's milk in 2.
Syrigou et al. (34) showed that constipation improved in 28 of 32 children after an eight-week diet free of foods (wheat, egg, cow's milk, rice, corn, soy) whose specific IgE levels, skin prick tests, or atopy patch tests were positive. Twenty-seven responders had positive patch tests, and eight also had positive specific IgE and/or skin prick tests. One responder had a negative patch test to CMP but a positive specific IgE and skin prick test to CMP. The high diagnostic accuracy of the patch test has not been shown in other reports (35) . A relapse of constipation was noted after an open oral food challenge in all 28 children. Tolerance to food allergens was achieved in 25 of 28 cases after 12 months of avoidance.
Although the number of reports from different investigations confirming the association of constipation with CMA is increasing, not all studies are in agreement. In an unselected pediatric population, Simeone et al. (28) showed that any of 11 children with constipation refractory to osmotic laxatives did not respond to a four-week cow's milk elimination diet. Moreover, the prevalence of atopy in constipated children was not different from that in children without constipation.
Loening-Bauche et al. (36) reported that only 2% of children younger than two years of age with functional constipation and a previous history of CMPA who went on a 14-day CMP-free diet experienced symptom resolution. Bergmann et al. (37) strongly disagreed with the common practice of restricting CM in young infants with common, short-lived gastro-intestinal symptoms (colic, constipation, and gastroesophageal reflux). Their prospective study screened infants younger than six months of age who presented with specific gastrointestinal pathologies. No infants with persistent gastrointestinal symptoms could be identified; therefore, these patients might not need allergy testing or a diagnostic CM-free diet.
In 2010, the opinion of the NICE guideline (38) was that there was some evidence for excluding cow's milk from the diet to improve constipation. However, the quality of studies was poor, and the selection of participants was biased. The European society for pediatric gastroenterology, hepatology, and nutrition/North American society for pediatric gastroenterology, hepatology, and nutrition guidelines (39) concluded that evidence of an association between FC and CMPA in children was conflicting. There was no rationale for allergy testing in children with constipation, and a two-to four-week restricted diet as a first-line therapeutic approach for young children with constipation was not recommended unless the children had intractable constipation. In 2014, a review by Miceli Sopo et al. (40) evaluated 10 studies that enrolled 505 total patients with chronic constipation and concluded that the benefit of a cow's milk-free diet varied from 28% -78% depending on the study population. An oral food challenge was performed in all studies, and two of them were randomized. The authors concluded that there was evidence that supported a two-to four-week cow's milk elimination diet in children with functional constipation not only when stan- 4 Iran J Pediatr. In Press(In Press):e5206.
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dard treatments have failed but also as a first-line therapeutic strategy.
IBS and Food Intolerance
The notion of IBS in childhood is quite recent (41) and therapeutic strategies based on avoidance of the offending foods have been deduced from evidence of the efficacy of this procedure in adult studies. The pathogenic role of foods in childhood has been confirmed by studies reporting that children with IBS identify specific foods that are responsible for their symptoms and that impair their quality of life. Carlson et al. (42) studied suspected food allergy in 25 child-parent pairs using a questionnaire and focus groups. Most children had IBS (40%) or abdominal migraine (36%). The median number of offending foods was 11. Spicy foods, pizza, and cow's milk were the most frequently identified foods that induced gastrointestinal symptoms. Coping strategies for reducing symptoms included eating smaller portions, modifying the food, or avoiding the food altogether.
Conventional allergy tests often fail to identify food triggers, which suggests that the adverse reaction to food is non-immunologically mediated (food intolerance) (43, 44) . The diagnosis of food intolerance largely relies on the resolution of symptoms during a restricted diet and then the onset of a reaction following a food challenge. Several types of elimination diets, such as few-food diets or diets free of chemicals, have been suggested for treating patients with IBS. However, evidence that these diets improve IBS in children is currently lacking.
Increasing attention has been paid to food as a pathogenic trigger in IBS after recent randomized controlled studies (45, 46) have supported the existence of a subgroup of adults with IBS who benefit from diets with low fermentable oligosaccharide, disaccharides, and monosaccharide polyols (FODMAPs). FODMAPs are shortchain carbohydrates that are fermentable by colonic bacteria and are poorly absorbed. They include foods containing fructose (honey, apple, apricot, and avocado), lactose (cow's milk), fructooligosaccharides (wheat), galactooligosaccharides (cabbage, legumes, garlic, and leek), and polyols (pear, apricot, corn, cauliflower, and mushrooms). FODMAPs may increase the osmotic pressure in the large intestine and favor bacterial fermentation and gas production, causing increased luminal distention and abnormal motility and resulting in symptoms including abdominal bloating, pain, and discomfort. Gomara et al. (47) performed a fructose breath test in 32 children with FGIDs. All patients experienced an exacerbation of their intestinal symptoms during the three-hour fructose breath test irrespective of their breath test results. The breath tests were positive in 11 patients. These participants went on a restricted fructose diet; 9 (81%) reported improvement in their symptoms after two weeks and also after two months. Escobar et al. (48) performed a fructose breath test in 222 children with functional abdominal pain. They found positive results in 121 (54%) instances. All children with a positive breath test went on a low-fructose diet, and 93 (77%) of them reported a complete resolution of their symptoms. The causative role of FODMAPs in childhood IBS was also shown by a double-blind crossover trial conducted by Chumpitazi et al. (49) . In their 54 participants, two days on a low FODMAP diet containing 0.15 g/kg/day (with a maximum of 9 g/day) (50) significantly decreased the frequency of abdominal pain and also reduced breath hydrogen production compared with a typical American childhood diet. Furthermore, at baseline, responders to the diet had a microbiome composition along with greater saccharolytic capacity than those who did not respond.
The importance of food components as possible triggers of IBS has been particularly stressed for wheat. Mullin et al. (51) recently reviewed the dietary management of IBS patients and pointed out how wheat may act as symptom inducer for several reasons: high fructans content and other members of the family of highly fermentable FODMAP; autoimmune (e.g., celiac) disorder trigger; or IgE and non IgE-mediated allergenicity. In this context, nonceliac gluten sensitivity is gaining attention (52) . In addition, there is no evidence that a lactose-free diet may benefit children with IBS (53, 54).
Conclusions
Most patients with FGIDs are certain that particular foods produce their symptoms and would like to know what foods they should avoid. We found that two randomized controlled studies that were conducted in children suggested that CMPA may induce chronic FC; another study indicated that FODMAP foods may have a role in triggering IBS. It is unclear whether IgE tests for CMP are helpful to identify children with FC due to cow's milk. No other laboratory tests have been shown to be useful for diagnosing food allergy/intolerance in children with FC or IBS. Therefore, it should be considered that the role of food in chronic constipation in pediatric patients should be established by a two-to four-week cow's milk-free diet followed by an oral food challenge (55). Cow's milk tolerance is often achieved after 12 months of a cow's milk-free diet. Therefore, children should periodically perform a food challenge to ascertain whether a tolerance has been reached. Similarly, a diet low in FODMAPs might be proposed in children with IBS. Only a minority of patients with FC or IBS respond to elimination diets. However, considering the short duration of a restricted diet (whose impact Iran J Pediatr. In Press(In Press):e5206. 5 U n c o r r e c t e d P r o o f on nutrition should be managed by a dietician) (56) and its easy adherence, this dietetic approach might be proposed for children with chronic FC and IBS, especially when standard treatment has failed (57) . Further studies will be needed to understand the complex pathogenic mechanisms of FGIDs. They could also be helpful to recognize markers for identifying children with IBS and FC caused by foods and to improve their management.
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